I. INTRODUCTION
During recent years, pion-nucleus·scattering has received a great deal of attention. A general review of the subject can be found in the article by 1 Koltun.
In this paper, we shall concentrate only on the charge exchange reactions, the single.and double charge exchange reactions being referred to as sex and DCX, respective.ly. We shall be mainly interested in these reactions in the vicinity of the (3, 3) .resonance. In this energy region, we expect the interaction mechanism to considerably simplify due to the dominance of the 6(1231) resonance •.
There have been several investigations of the mechanism of the charge exchange reaction. 2 A general review may be found in Becker and Batusov. The simplest calculations of the charge exchange process have been in terms of the production and decay of the 6 particle. In sex, the pion absorbs a nucleon of the target to form a ts which decays. by emitting a pion of different charge and forming the analogue nucleus, while, in DCX, two nucleons are converted into ~ particles which decay into the "double analogue" nucleus. The initial and final distorted wave functions utilized in the above calculations are usually calculated from a first order approximation to the optical potential. These predict the asymptotic form of the elastic scattering wave functions, but a calculation of the sex and DCX amplitudes require also the wave functions at small distances. The study of various improvements on these theories has received much attention.
In this work, we shall discuss the application of the isobar-doorway 16 model to the charge exchange reactions. It is·appropriate to recall the main ideas of the model. One separates the pion-nucleon interaction into a resonant . .
and a nonresonant part. One assumes that the resonant part of the interaction creates an isobar compo~d· state, i.e. a nucleon hole and a 1::. particle in the target.. One further assumes that the scattering and reaction phenomena are largely determined by the detailed properties of the isobar compound system.
In an elastic scattering process, one assumes that the isobar is formed in the elastic channel and then decays into both elastic and inelastic channels. The doorway state picture emerges if one further assumes that the coupling between the elastic and inelastic channels is solely through the isobar compound state.
In this paper, we do not discuss coupled channel effects. We do believe.
that the coupled channel effects should be taken into account. We shall discuss it in a later publication. We restrict our present formulation within the framework of the DWBA. We shall consider an extension of the isobar-doorway model, wherein we shall replace the elastic scattering by the elastic and.charge exchange channels.
In the extended isobar.:..doorway model, we shall.show that the transition amplitude contains strong energy dependence due to the resonance effects in the initial and final channel wave functions as well as in the charge exchange interaction. For sex reaction, we consider the following process:
where 1 and 2 denote the initial and final charge states of the pions. The + incident channel has a n 1 (TI or TI) interacting with the target nucleus A 1 7 the outgoing'channel has a n 2 (generally TI 0 for sex reactions) with the residual nucleus A 2 • The Hamiltonian of the system may be written as
. (2) where Hb (r 1 , r 2 ... rA) is the baryon Hamiltonian with baryon coordinates r 1 , .
•. rA. The baryon Hamiltonian also describes-the motion of the excited state of the nucleon (i.e., isobar). We allow at most one isobar in the system.
In Eq. (2), the pion kinetic energy operator is KTI and the TI-nucleus interaction is v. This TI-nucleus interaction V describes the elastic scattering as well as the charge exchange process, along with all other reactions. We may separate this interaction into two parts: We define the elastic pion scattering states as the P-space (the rr-continuum space). We have two charge states in the P-space, so we separate the P-space into two parts: P 1 and P 2 . We define th~ P 1 and P 2 operators as (8) and (9) which project onto the P 1 -and P 2 -spaces, or the initial and the final nuclear states, respectively. We next define the Q-space operator, Q, whichprojects onto the isobar-doorway states l~na> .as (10) We finally define the q-space operator, q, which projects onto the rest of the ailbert space (the compound inelastic states) defined by the system Hamiltonian,
i.e.;
-6-
It is easy to see that the operators P, Q, and q satisfy the'projection operator and the orthogonality conditions.
The TI-nucleus interaction V 0 and VR may now be shown to satisfy the following conditions: (1} The nonresonant interaction V does not connect P 0 and Q spaces:
and similarly (2} the resonant part VR satisfies
l.
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We have now properly specified our projection operators. We may proceed to solve the scattering problem.
The complete wave function of the system Ill'> is described by the Schrodinger equation
where E is the ener9y of the system. This equation may be rewritten as the
following coupled equat1.ons, by us1.ng the proJecti.on-operator tee n1.qUes;
where we have used the usual notations: H .. = P . H P . , H . Q = P . H Q, and
, we have already made the doorway-state hypothesis: there is no coupling between P-and q-spaces, or
We have. assumed that the elastic scattering states in both the incident and final channels are not directly coupled to the compound inelastic states. It is clear that the assumption on the reaction mechanisms in the preceeding
. 16 1scuss1on.1s 1 ent1ca .tote one use 1n t e e ast1c scatter1ng.
To simplify Eq. (17) , let us introduce an effective Q-space Hamiltonian by eliminating the q-space, i.e •. ,
We obtain an effective Hamiltonian for the P-space as (20) and write the coupled-channel equations for the charge e,xchange reactions as 
Equations {22) and (23) are the basic starting point of our discussions.
Formally our results so far are rather similar to the (p,n) reactions.
However; for ,the case of pion-nucleus charge exchange re.actions, both the wave functions lx(±)> and the interaction JC 21 have strong energy dependence due to the (3, 3) resonance. The fact that the TT-nucleus interaction is strong and resonating indicates important initial-and final-state interactions. To show these effects explicitly, we have to study the behavior of the continuum wave functions (the distorted waves). This may be done conveniently by using the isobar-doorway model, where the resonant and the. nonresonant parts of the pion wave functions are treated separately. 
.
[,~,R(±} and the resonant wave funct~on ~· > is related to the nonresonant part by
HiQ (27) In order to simplify Eq. (27), let us introduce the isolated doorway approximation 19
where we have denoted k as a continuum energy variable in ~~~±) (~)>, the
where the continuum width f t and shift 6 t to the ith channel are defined as
The compound width f + and shift 6 + are defined as na na
where we have used an energy averaging procedure by assigning a width parameter f to each q-state scattering calculation to estimate the matrix elements T. .
1
. We shall later return to such approximation.
The quantity T.-Ck',K; E) will become one of the then we may show that
where T~-) are also defined by Eq. (29). The nonresonant sex amplitude is The simplest term with nonresonant internal and external pion wave functions is shown in Fig. 3 . We shall call this slmplest term the nonresonant Born term and denote it as
Ck',k; E); it may be related to u 1 (k',k; E) of Eq. (41) by -14-
There are three other terms with nonresonant external pion wave functions.
We may write these terms as (see Fig. 4) =IE-
=IE-
It is readily· shown that the Born term with nonresonant externaL pion wave functions is given as are shown in Fig. 4 . It is important to note is also completely determined by the basic quanitites in the theory:
(k' ,k; E) and the T-matrix Ti-(k' ,k; E). We do not need any extra parameters.
-15-
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After we have obtained·the Born term, it is straightforward to generalize our consideration to the cases with resonant external pion states.
The results are given similar to Eqs. (38), (39) and (40), with the following replacements and
where we have defined T -{k' k·
where we have introduced the following definitions: .Pni (r) is a product of a single particle wave function and a spectroscopic factor which depends upon the parentage of the state of the A nucleon system in terms of the state <P of the (A-1) nucleon system. If we assume that the n .
scattering is not far off-shell, i.e., lk"l ~ lk"•l, we may approximate 
We now introduce the closure property of the isobar-doorway states and sum over na. ; 16 We obta1.n r <E> I<·
where we have approximated the average width <f~~ >by the free 6 (1231) decay width r'ITN (E), and the average resonance energy <Eriai> by
where oE is the total energy shift of the isobar energy in the nuclear medium. 16 We have also denoted the averaged quasi-total width as 
We note that the difference between the total width f and the quasi-total tot width is the decay width to charge-exchange channel. Since the charge-exchange width is very small compared to the total width, we may take (k',k; E) is closely related to the modified TI-nucleon t-matrix,
by the off-diagonal form factor F 21 (k',k) as
In analogy to u 1 (k',k; E), we may write where
As we. have shown in Ref. 16 , the total width (i.e., ::::: ~l + fin may be determined by a fit to the total cross section as a function of energy. By the same procedure' we may also estimate the inelastic width r. by the ratio . 1n · of the totai reaction cross section a (E) to the total elastic cross section r ael (E). Therefore, all the necessary parameters in the model may be checked with the measurements of the total cross sections alone. The angular distributions of the sex and oex reaction cross section and of the elastic scattering may then be predicted within.the same approx~mations.
The. model is therefore shown to be capable of making direct and simple connections between the sex and DCX reactions and the elastic scattering. Furthermore, the model is particularly useful in its separation of the resonant factors :from the nonresonant parts. As examples, we shall explicitly show this property in the DWBA amplitudes. We first consider the nonresonan·t terms.
Since the treatment of the completely non-resonant interaction uiR(k' , k) of Eq. ( 37) is not in the model, we shall assume that it is known -21- 
We note that the energy dependence of Eq. where the smoothly energy-dependent factor C(k 1 ,k) is given as
-22-
We next consider the resonant terms. The basic term is given in Eq.
(73) with main energy dependence in lt 33
(E) I defined by
We may write
?121 ":' -
where resonant terms is completely separated out in our final expressions. Furthermore, the energy dependence is in turn directly related to the energy dependence in the elastic scattering. We finally note that the main nuclear structure effects are contained in the form factors which are separated out from the main effects of the resonance energy dependence.
The same discussion may be extended to the DCX reactions, where the main energy dependence will also be contained in I t 33 (E) I and. IT 33 (E) I factors.
The extension is straightforward and will not be. discussed here.
IV. CONCLUDING REMARKS
We have extended the isobar-doorway model for pion-nucleus scattering to the charge exchange reactions. We have shoWn that energy dependence of the sex and DCX reaction amplitude in DWBA may be conveniently separated from the parts which contain nuclear structure information. The energy dependence depends on the pion optical potential, or the self-energy effects in the nuclear medium; it is therefore shown to be closely related to the elastic scattering amplitude.
Within the model, the SCX and DCX reactions may be treated on the same footing as the elastic scattering with common .factors depending only on the ·energy and therefore may be consistently described by a simple parametrization from the energy dependence of the total cross sections.
These factors may eventually be evaluated by a more detailed interaction model, such as a microscopic theory where the motion of the .isobar is explicitly taken into account. The model we present here is general enough to allow variations in the detailed assumptions of the pion-nucleon interaction ·in the medium. • 
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